Cytinus is a small genus of the family Rafflesiaceae that includes perennial herbs without chlorophyll, parasitic on the roots of several members of Cistus sp. Only two species are found in Europe: C. hypocistis (L.) L. and C. ruber (FOURR.) KOMAROV. The first is divided into four subspecies and two of them are found in Greece: subsp. hypocistis and subsp. orientalis Wettst. C. ruber and C. hypocistis subsp. hypocistis are distributed all over the Mediterranean whereas C. hypocistis subsp. orientalis is a rare plant geographically restricted to South Greece and Crete island 1) and is characterized by its red scale-leaves.
C. hypocistis has been studied for its chemical constituents and one ellagitannin has been identified as its yellow pigment. 4) The other species has never been studied for its chemical constituents and none of the three taxa has been evaluated for its biological activity. In a continuation of our research program to discover bioactive compounds from plants from the Greek flora we report here the bioguided chemical investigation and cytotoxic activity against five cell lines of the three above mentioned taxa of Cytinus.
MATERIALS AND METHODS
General Experimental Procedures NMR spectra were recorded on Bruker DRX 400, Bruker AC 200 spectrometers [ 1 H (400 and 200 MHz) and 13 C (50 MHz). The 2D NMR experiments were performed using standard Bruker microprograms. Electrospray-MS/MS spectra were determined on a Finnigan spectrometer. Medium pressure liquid chromatography (MPLC) was performed with a Büchi model 688 apparatus on columns containing R18 Si gel 60 Merck (20-40 mm). HPLC analysis was performed with a Supelcosil SPLC-18 column.
Plant Material C. hypocistis subsp. hypocistis and C. ruber were collected on Crete island in the Rethymno region in April 1998 on roots of Cistus salvifolius and Cistus creticus subsp. creticus, respectively. C. hypocistis subsp. orientalis was collected in South Greece in the Corinth region in April 1998 on roots of Cistus parviflorus. A voucher specimen of each plant (KL014, KL016, KL015) is deposited in the herbarium of the Laboratory of Pharmacognosy, University of Athens.
Extraction and Isolation Air-dried and pulverized whole plants (50 g of each taxon) were first extracted with Cell Culture and Assessment of Cytotoxicity The fractions were tested for their cytotoxic activity on the following solid tumour cell lines: human mammary adenocarcinoma MDA-MB-231 and human prostate adenocarcinoma PC-3 (American Type Culture Collection, Rockville, U.S.A.), human lung carcinoma A549 (European Collection of Cell Cultures, Salisbury, U.K.) and human bladder transitional cell carcinoma BC3c.
5) The murine leukemia cell line L1210 (ATCC) was also used. Normal human skin fibroblast cell strains (HSF) derived in our laboratory were used for comparative experiments. All cell lines were cultured in Dulbecco's Minimal Essential Medium supplemented with penicillin (100 U/ml), streptomycin (100 mg/ml) and 10% Fetal Bovine Serum (media and antibiotics from Biochrom KG, Berlin, Germany) in an environment of 5% CO 2 , 85% humidity, 37°C
. Cells were routinely subcultured using a trypsin 0.25%-EDTA 0.02% solution. The cytotoxicity assay was performed by a modification of the MTT-method. 6 ) Briefly, cells were plated at a density of approximately 5000 cells/well in 96-well flat bottomed microplates, and after 24 h the fractions to be tested were added, appropriately diluted with DMSO. After a 48-hour-incubation, the medium was re-placed with MTT (Sigma, St. Louis, MO, U.S.A.) dissolved at a final concentration of 1 mg/ml in serum-free, phenol-redfree RPMI (Biochrom KG), for a further 4-h-incubation. Then, the MTT-formazan was solubilized in isopropanol and the optical density was measured with a Bio-Rad Coda microplate analyzer at a wavelength of 550 nm (reference wavelength: 690 nm). In every experiment daunorubicin was included as a positive control.
Flow Cytometric Cell-Cycle Analysis A549 human lung carcinoma cells were cultured as above. Twenty-four hours after plating, fraction A 221 was added at 60 mg/ml. Six or 26 h later the cells were detached by trypsinization, pelleted at 1000 g for 5 min and processed for flow cytometric analysis of their DNA content in a Becton Dickinson flow cytometer (type: FACSCalibur) using the Cycle Test PLUS DNA Reagent kit (Becton Dickinson, San Jose, CA, U.S.A.).
RESULTS AND DISCUSSION
The whole plants of C. ruber, C. hypocistis subsp. hypocistis and C. hypocistis subsp. orientalis were extracted first with dichloromethane and then with methanol. The three dichloromethane extracts (2.0, 1.1, 3.2%) (A 1 , B 1 , C 1 , respectively) were, in general, inactive in the cytotoxicity tests (Table 1 ). In contrast, the methanolic extracts (33, 42, 30%) (A 2 , B 2 , C 2 ) were active against a mammary adenocarcinoma and a bladder carcinoma cell line with IC 50 at the level of 100 mg/ml (Table 1) . These results led our interest in the investigation of the chemical constituents of the methanolic extracts. Fractionation of the methanolic extracts with MPLC led to an inactive fraction (28, 30, 31%) (A 21 , B 21 , C 21 ) containing mainly sugars and a fraction (72, 70, 69%) (A 22, B 22 , C 22 ) with increased cytotoxicity (Table 1 ). The three active fractions examined by HPLC and NMR showed a very similar profile. Further investigation of the active fraction of the methanolic extract was conducted only for C. ruber, because it was found to be the most active. The fraction A 22 was rechromatographed with MPLC to afford methyl gallate and four fractions: A 221 , A 222 , A 223 and A 224 . HPLC, NMR and electrospray-MS/MS study of fractions A 221 and A 222 showed that they contained 1,2,3,6-tetragalloyl-O-b-D-glucose and 1,2,3,4,6-pentagalloyl-O-b-D-glucose, respectively, in purity Ͼ95%. HPLC data combined with MS/MS data revealed that fraction A 223 contained three tannins with the following molecular weights: 1092, 1244 and 1422. In a similar way fraction A 224 has been found to contain three tannins with the following molecular weights: 1728, 1880 and 2032. In the 1 H-NMR spectrum of these two fractions, the absence of aromatic peaks below 6.7 ppm indicated that the compounds found in the above mixtures do not contain in their structure the hexadroxydiphenoyl (HHDP) moiety or derivatives of it.
7)
The first two compounds with molecular weights 1092 and 1244 in the MS/MS spectrum showed a repeated loss of six and seven fragments of 152 amu (corresponding to galloyl moiety) revealing that they are gallotanins (hexagalloylglucose and heptagalloylglucose respectively). The other four compounds also showed a repeated loss of fragments of 152 amu but their molecular weight and their NMR profile reveals that they are elaggitannins containing galloyl and dehydrodigalloyl (GOG) groups. 7, 8) The four fractions were tested against four human solid tumor cell lines (see Materials and Methods), as well as against the established murine leukemia cell line L1210. The results are listed in Table 2 . The IC 50 values ranged from 5.8 to 55 mg/ml and the most sensitive cell lines were A549 and L1210. Furthermore, there was no significant difference among the four fractions for each cell line, suggesting that the cytotoxicity is independent of the molecular weight of the compounds. Interestingly, when these four fractions were tested against normal human skin fibroblasts under conditions identical to the tests on the carcinoma cell lines, they 708 Vol. 24, No. 6 were inactive (IC 50 Ͼ400 mg/ml).
Moreover, the inihibitory activity was confirmed by cellcycle analysis of A549 cells after treatment with a single concentration (60 mg/ml) of one from the above fractions (A 221 ). Flow cytometry 6 or 26 h after treatment showed a significant increase of the cell fraction at the G0/G1 phase with a concomitant decrease in the number of cells at the G2/M phase of the cell cycle. As depicted in Fig. 1 , after 26 h in the presence of A 221 the fraction of cells at the G2/M phase was completely eliminated.
In conclusion, the methanolic extracts of the three Cytinus taxa exhibit cytotoxic activity against a broad spectrum of cancer cell lines. This activity is attributed to hydrolyzable tannins, in agreement with other reports on the cytostatic and cytotoxic activity of tannins, 9, 10) without any obvious dependence on their molecular weights.
